This short communication discusses research, which has investigated students" self-perception of their skills. This was to identify which skills they felt most and least confident in upon starting university. General and scientific and practical 
Background
It is common practice to have a subject level entry requirement to university courses. In the sciences, it is typical that students have obtained at least a C grade in an appropriate science subject at A-level, as well as a particular number of "points". For example, at the University of Plymouth, applicants to the BSc in Environmental Science degree are required to have 240-280 points depending on subject combinations, which have to include a science subject to at least grade C. However, despite ensuring a particular academic level of our entrants to higher education, we rarely audit their skills. This may result in us placing both subject knowledge and skills demands on our students, not least mathematics demands which are recognised as causing learning difficulties for students 2 . In the worst case we may expect them to have particular skills to enable them to make progress with their subject knowledge and understanding, resulting in them making little or no progress, coupled with a feeling of frustration. This is particularly pertinent with the recent shift towards context and problem-based learning approaches to teaching the physical sciences in Higher Education , , which demand a range of skills from the students to enable them to make progress with their task set. This study aims to: (1) provide insight on what skills our students have upon starting university, drawing from both a small scale study carried out at Dublin City University and published literature, and (2) to consider the implications for our teaching of the physical sciences in Higher Education. A brief review of the current situation of practical work at upper secondary level is needed to provide insights into the students" experiences of practical work prior to starting university.
Current situation of practical work at A-level and Leaving Certificate
Current A-level science curricula in the UK offer students various elements of practical work but there is limited opportunity for independent or inquiry-based practical work in the school laboratory. Furthermore, in a recent study of undergraduate students" experiences of A-level practical work , it was reported that practical work was either conducted to verify theory, or as a vehicle for assessment. Reviewing the Irish chemistry and physics curricula for Leaving Certificate (A-level equivalent)
, , there are a number of experiments that the students are required to do, but again these are in the form of verification experiments or demonstration. With a verification approach the teacher defines the topic to be investigated, relates the investigation to previous work and directs the action of the students, with the students typically following directions from a manual. It is a popular time-, resource-and cost-effective approach allowing large numbers of students to access laboratory techniques and procedures. Verification experiments are not without their critics however. Indeed there has been much Communication published on the disadvantages of these "recipe" style laboratory experiments, not least the information overload that is placed on the students. However, evidence from the recent review of the student learning experience in chemistry in Higher Education 2 , shows clearly that year 1 and 2 undergraduate students prefer this type of practical work where the expected outcome is known and the procedures are familiar. It is only in Year 4 that 40% of students report a preference for practical work where they do not know the outcome and procedures have to be devised. Does this suggest that independent practical work such as inquiry or problem-based work in Year 1, presents too big a jump considering the experiences that our students bring from secondary school? With such a perceived risk, there must be considerable advantages in these alternative approaches in order for lecturers to adopt them in the early years of their programmes.
Problem-based learning (PBL) in Higher Education
When students are immersed in a PBL environment they are working in groups on problems that demand the acquisition of new knowledge and the use of a range of skills to solve the problems. The contextual element of the problem provides relevance and motivation for the students.
Problem based learning (PBL) is a style of learning in which the problems act as the context and driving force for learning. All learning of new knowledge is done within the context of the problems. PBL differs from problem solving in that in PBL the problems are encountered before all the relevant knowledge has been acquired and solving problems results in the acquisition of knowledge and problem-solving skills.
It is claimed that a PBL approach:
produces more motivated students;
develops a deeper understanding of the subject; encourages independent and collaborative learning; develops higher order cognitive skills; develops a range of skills which include problem solving, group working, critical analysis and communication. 2 Alternative approaches to science education, such as PBL, are also in response to calls for development of transferable and employability skills. The Dearing report as far back as 1997 noted the importance of developing key skills, cognitive skills and subject specific skills in Higher Education. More recently the Higher Ambitions and Skills for Growth strategies recognise the critical role universities play in equipping people with the skills they need to prosper in a knowledge economy and, that employers in all sectors need graduates with skills for the modern world of work. In particular it is recognised that "the needs of growing markets like bioscience and low-carbon will require new and higher level skills" (p 4) This focuses the role that we, as science educators, have in preparing our students for the future demands of our society.
Methodology
Considering the demands for "skilled" graduates and the promised outcomes of PBL, a problem-based approach was introduced to the Year 1 chemistry laboratory module taken by students on the BSc in Science Education at Dublin City University, Ireland. The rationale for development and the students" experience of this module have been previously described , . With the concern over the experiences of our students prior to starting university it was decided to carry out a skills audit of our Year 1 students on starting their university course. Students from the 2002-2003 and 2003-2004 cohorts were asked to complete the skills survey (44 students completed the survey). This was to identify what skills students felt they were confident in using, and which skills the students had little opportunity to develop. The module would then be tailored to enable the students to develop a full range of skills.
The survey was adapted from the RSC"s Undergraduate Skills Record (USR). Various skills were identified in the USR which were seen to be important for first year undergraduate students, such as to interpret laboratory measurements and observations and to use feedback to improve on future work. The skills survey asked the students to rate a series of 26 skills on the basis of their confidence in performing each. The students rated their confidence in each of the skills on a scale 
Easing the transition from secondary school to higher education
Communication of 1 to 5; with 1 meaning they have had no opportunity to develop the skill to date and 5 meaning they can use the skill very well. The skills were separated into three key areas:
General skills (14 Statements); Scientific/Practical skills (7 Statements); Improving learning (5 Statements).
It is acknowledged and appreciated that this study was carried out in an Irish university, with students who had been through the Irish school system. However, it is hoped that the similarities between the experiences of Leaving Certificate and A-levels physical science students justify implications being drawn for the UK as well as Ireland. Figure 1 shows a bar chart of the frequencies of each answer for the general skills from the combined data for the two years. It is clear from the chart that students felt that they could apply skill 12 "work in groups" and skill 14 "interact with people to obtain the necessary information and assistance" with confidence. Skill 11 "Plan and present an oral presentation"
Results
was identified as the skill that the students have had the least opportunity to develop and felt least confident in, with skill 6 "analyse and evaluate experimental data" and skill 8 "interpret chemical information" respectively scoring second and third lowest. Figure 2 shows a bar chart of the frequencies of each answer for the scientific and practical skills. In terms of these skills, students identified skill 1 "maintain awareness of specific hazards relating to chemicals" and skill 3 "understand the processes involved in experiments" as their most developed in this category. Students felt least confident in skill 7 "select appropriate techniques and procedure" and skill 6 "understand errors" as shown in Figure 2 . Figure 3 shows a bar chart of the frequencies of each answer for the improving learning skills. Students revealed that they felt most confident in skill 2 "maintaining an interest in general science issues" and least confident in skill 3 "using internet and other resources to gain information" and skill 4 "use computers to prepare reports/presentations". It is worth commenting on the limitations of this skills survey. Firstly, some of the students had limited practical experience, and therefore limited understanding of the statements. Also, it is a self-perception survey and so may not reflect the actual skills of these students. Despite these, it is a useful tool to begin to appreciate the strengths and weaknesses of the cohort"s skills. This small-scale study was used to inform the development of the PBL module at Dublin City University, by focusing on tasks that develop particular skills further and build students" confidence in using a range of skills. Examples include incorporating oral (PowerPoint) presentations into the laboratories, and getting students involved with the development of experiments, by researching appropriate techniques and procedures using the internet and other resources. Also, the importance of errors and evaluating experimental data was a key focus of their write-ups and their oral presentations. This was done in a gradual way, increasing the skill demand across the year-long module. . This is exemplified by Abraham"s research on motivation and practical work in school science which stated that "the proportion of pupils, within each year group, who claim to like practical work in an "absolute" sense, as against simply preferring it to writing, decreases as the pupils progress through the school. Indeed it would seem from the pupils" comments that, within their first year of secondary school, the novelty of being in a laboratory environment appears to wear off and they evidently become disillusioned by the reality of school science (p 2349-50). This is not a situation unique to the UK. A recent review of school science education in Europe led to a number of recommendations relevant to this discussion, not least that more attempts at innovative curricula and ways of organising the teaching of science that address the issue of low student motivation are required and that the emphasis in science education should be on engaging students with science and scientific phenomena. Evidence suggests this is best achieved through opportunities for extended investigative work and "hands-on" experimentation 22 . If things change for school level science this should mean that our future science undergraduates will enter our courses with more developed skills. However, in the mean time, it is essential that the skills level of our students is recognised on starting their university degree programme. Moreover, on recognising deficiencies in their skills, we need to give our students experience in developing these areas.
Discussion
It is interesting that in the recent UK Physical Sciences Centre review 2 it was noted that chemistry teaching staff recognised that "the weakness in problem-solving ability stems from the difference in teaching methods between schools and universities...universities expect independent learners, whereas school students are teacher-led" (p 26), yet "fewer departments than might be expected have a specific strategy to develop the problem-solving abilities of students" (p 42). Careful planning and consideration are needed to develop skills from within programmes and it should not be assumed that students will naturally do this. Additionally, research by Slaughter and Bates who investigated students attitudes and beliefs found that over the course of the first year of a physics degree programme, students became "more novice-like in" 11 areas and "more expert in 2" (p 37). The two areas that students became more expert-like in were both issues that were specifically addressed by the course design. This supports the notion that we must actively seek to develop particular skills and embed support within our programmes and modules.
In summary, we need to continue to push for more innovative curricular in school science, which support the development of skills, acquisition of knowledge and development of understanding and to continue these innovative curricula in higher education. Furthermore, we need to be aware of the skills of our students and provide appropriate experiences for them to develop and expand their skills so they can emerge Communication as graduates with the attributes, attitudes and skills to contribute successfully to the knowledge economy and be responsible citizens with the scientific literacy to engage with the debates that the future will bring.
